Abstract. Individuals from low socioeconomic backgrounds are disproportionately affected by the burden of cardiovascular disease (CVD), yet data regarding risk factors in this population are lacking, particularly regarding emerging biomarkers of CVD such as C-reactive protein (CRP). We measured high-sensitivity CRP and examined its association with demographic and lifestyle factors in a sample of 792 participants aged 40-79 years from the Southern Community Cohort Study, which has an over-representation of socioeconomically disadvantaged individuals (over 60% with a total annual household income <$15,000). We found that within this population the prevalence of elevated CRP (>3 mg/L) varied significantly by sex, race, smoking status, and body mass index (BMI). The multivariable-adjusted prevalence odds ratios (ORs) (95% CIs) for having elevated CRP were 1.6 (1.1-2.3) for women vs. men, 1.4 (0.9-2.0) for African Americans vs. whites, 2.3 (1.4-3.8) for African American women vs. white men, 1.8 (1.2-2.7) for current smokers vs. non-smokers, and 4.2 (2.7-6.6) for obese (BMI 30.0-44.9 kg/m 2 ) vs. healthyweight (BMI 18.3-24.9 kg/m 2 ) participants. Further stratified analyses revealed that the association between BMI and elevated CRP was stronger among African Americans than whites and women than men, with prevalence ORs (95% CI) comparing obese vs. healthy-weight categories reaching 22.8 (7.1-73.8) for African American women. In conclusion, in this socioeconomically disadvantaged population, sex, race, smoking, and BMI were associated with elevated CRP. Moreover, inflammatory response to obesity differed by race and sex, which may contribute to CVD disparities.
Introduction
A recent report on the state of disparities in cardiovascular health in the United States indicates that African Americans, persons with low socioeconomic status (SES), and residents of the southeastern United States are among the population subgroups most significantly affected by the burden of cardiovascular disease (CVD) [1] . Despite facing substantial health disadvantages, these populations have been poorly represented in epidemiologic and clinical studies. Understanding their CVD risk factors, including biomarkers and their related determinants, is an important first step toward improving cardiovascular health in these vulnerable populations.
There is compelling evidence that atherosclerosis is an inflammatory disease [2] . C-reactive protein (CRP), an indicator of low-grade systemic inflammation, has emerged as a novel risk marker for CVD [2] . It adds predictive value across all levels of low-density lipoprotein cholesterol (LDL-C), the Framingham Risk Score, and the metabolic syndrome [2] . The Centers for Disease Control and Prevention (CDC) and the American Heart Association (AHA) have issued clinical guidelines for the use of high-sensitivity (hs) CRP testing in risk prediction for CVD [3] . However, the majority of biomarker studies have been conducted in predominantly white and high SES populations; data on inflammatory biomarkers in racial/ethnic minorities or populations with low SES are sparse.
We examined hsCRP in relation to demographic and lifestyle factors and further evaluated possible interactions of race and sex with lifestyle factors in a stratified random sample of 792 participants from the Southern Community Cohort Study (SCCS), a unique cohort study largely drawn from an underserved, socioeconomically disadvantaged population.
Methods
The SCCS is an ongoing prospective cohort study designed to identify causes and preventive strategies for health disparities in the United States. Details of the study methods have been described elsewhere [4] . Briefly, the study was initiated in 2001 and in 2002 began recruiting participants from community health centers (CHCs) across the southeastern United States. Participants were enrolled by randomly approaching people entering the CHCs (patients, persons accompanying patients, etc.) and screening them for eligibility and interest in study participation. Eligible participants were 40 to 79 years of age and had not been under treatment for cancer within the past year. As of October 31, 2004 , approximately 33,000 participants had been enrolled from 25 CHCs and completed a comprehensive baseline interview; over 50% of them had provided a non-fasting blood sample. Participants who reported infection with HIV or hepatitis were not asked for biospecimens.
The baseline study interview was conducted in person by trained interviewers at CHCs to elicit information on demographics, anthropometry, diet, use of tobacco and alcohol, physical activity, medical history, medication use, and other characteristics. Blood samples were refrigerated immediately after collection, shipped on a daily basis to Vanderbilt University, and processed for long-term storage at −86
• C. The study was approved by the Institutional Review Boards at Vanderbilt University and Meharry Medical College. Informed consent was obtained from all participants.
In 2005, a series of biomarker studies including hsCRP were carried out using biospecimens from a stratified random sample of 792 SCCS participants, which formed the basis for the present analysis. A 2x2x3x3 factorial design was used to draw the sample and ensured the sample was evenly balanced by race (African American/white), sex (male/female), smoking (never/former/current), and body mass index (BMI, 18.0-24.9, 25.0-29.9, 30.0-45.0 kg/m 2 ) so that differences in biomarkers between these groups could be detected with substantially enhanced statistical power. Such a design also facilitated the evaluation of interactions between these factors.
High-sensitivity CRP assay
High-sensitivity CRP measurements were performed on thawed samples using the ACE High Sensitivity C-Reactive Protein Reagent (ACI-22) on ACE Clinical Chemistry System (Alfa Wassermann, Inc, West Caldwell, NJ). The minimum detectable concentration of CRP was 0.1 mg/L. The coefficients of variation were 0.9 to 2.4% for intra-assay and 1.8 to 4.9% for inter-assay.
Statistical analysis
The present analysis included 792 SCCS participants with hsCRP data. Descriptive statistics were first calculated for the study population. According to the CDC/AHA guidelines, an hsCRP level greater than 3 mg/L was defined as high-risk. Logistic regression models were used to calculate odds ratios (ORs) for the prevalence of high-risk CRP associated with sociodemographic and lifestyle factors and to adjust for potential confounding variables. Two multivariable models were applied in the analyses. Multivariable model 1 included age (3 categories), sex (male/female), race (African American/white), education level (3 categories), annual household income (3 categories), at least weekly attendance at religious services (yes/no), cigarette smoking (never, former, or current), alcohol consumption over the past year (rarely/never, monthly, or weekly), dietary intake of fruits and vegetables (times/day, 3 categories), participating in moderatevigorous sports (minutes/day, 3 categories), and BMI (calculated as weight in kilograms divided by the square of height in meters, 3 categories). Multivariable model 2 included all variables listed above plus measured total cholesterol, LDL-C, and high density lipoprotein cholesterol (HDL-C) levels (continuous), self-reported history of hypertension, diabetes, coronary heart disease (defined as having had a heart attack or coronary artery bypass surgery), stroke or transient ischemic attack (TIA), cancer, arthritis, asthma, or chronic bronchitis or emphysema (yes/no), regular use of aspirin within the past year (yes/no), current use of statins (yes/no), and family history of premature coronary heart disease (yes/no, defined as having had a heart attack or coronary artery bypass surgery at age <65 for female first-degree relatives or <56 for male firstdegree relatives). We also evaluated potential interactions of race and sex with lifestyle factors and high-risk hsCRP using nested models and the likelihood ratio test (LRT). Statistical analyses were performed using SAS version 9.1 (SAS Institute, Cary, NC). All statistical tests were based on two-sided probability.
The authors had full access to the data and take responsibility for its integrity. All authors have read and agreed to the manuscript as written. Table 1 shows the characteristics of the study population. By design, participants were evenly distributed across race, sex, smoking status, and BMI groups. The mean age of the participants was 53 years. Overall, the levels of education and household income of the participants were low. Nearly one-third had completed less than 12 years of schooling and over 60% reported a total annual household income of less than $15,000. The prevalence of major chronic diseases was high. Table 2 presents the percentile distribution of hsCRP by age, sex, race, smoking status, and BMI category. Women, current smokers, and those who were overweight or obese had significantly higher median hsCRP levels and a significantly higher prevalence of elevated hsCRP (>3 mg/L) compared with their respective counterparts (χ 2 p-values all <0.05). Elevated hsCRP also appeared to be slightly more prevalent in participants age 50 years or older compared to those less than age 50 years and in African Americans compared to whites, but the differences were not statistically significant (χ 2 p-value = 0.4 for each comparison). Table 3 summarizes the ORs and 95% confidence intervals (CIs) of high-risk CRP according to sociodemographic and lifestyle factors. After adjustment for potential confounders, sex, race, smoking status, and BMI were all associated with high-risk CRP. The fully adjusted ORs (95% CIs) for having hsCRP >3 mg/L were 1.6 (1.1-2.3) for women (not on hormone therapy) vs. men, 1.4 (0.9-2.0) for African Americans vs. whites, 1.8 (1.2-2.7) for current smokers vs. nonsmokers, and 4.2 (2.7-6.6) for obese vs. healthy-weight participants. Additionally excluding premenopausal women (n = 117) from the analysis did not appreciably alter the gender-based results. When race and sex were evaluated jointly, African American women had 2.3-fold higher odds (95% CI, 1.4-3.8) of elevated hsCRP compared with white men. SES, alcohol consumption, exercise, and other lifestyle factors showed some significant associations with high-risk CRP in univariate analyses but not in multivariable analyses. No association was found for age in either of the analyses.
Results
We conducted further stratified analyses and found significant interactions between race, sex and BMI and high-risk CRP ( hsCRP levels were significantly but weakly correlated with levels of total cholesterol (Spearman correlation coefficient, r = 0.09), LDL-C (r = 0.11), and HDL-C (r = −0.17) (p-values all <0.05). The percentages of elevated hsCRP were 41% for participants with high total cholesterol ( 200 mg/dL) vs. 34% for those with lower total cholesterol (p-value = 0.06), 43% for those with high LDL-C ( 130 mg/dL) vs. 34% for those with lower LDL-C (p-value = 0.01), and 48% for those with low HDL-C (<40 mg/dL for men and <50 mg/dL for women) vs. 32% for those with higher HDL-C (p-value <0.01). Elevated hsCRP was also associated with the prevalence of history of hypertension (OR = 2.3; 95% CI, 1.7-3.0), coronary heart disease (OR = 1.9; 95% CI, 1.1-3.2), arthritis (OR = 1.7; 95% CI, 1.2-2.3), and chronic bronchitis/emphysema (OR = 2.0; 95% CI, 1.3-3.0) in univariate analyses, but only the association with hypertension remained statistically significant in multivariable analyses, with an adjusted OR of 1.9 (95% CI, 1.3-2.8) (data not shown).
In addition, stratified analyses revealed that, similar to the finding for BMI, the association between elevated hsCRP and hypertension also differed by race and sex, with adjusted ORs (95% CIs) of 1.3 (0.5-3.0), 2.9 (1.2- 
Discussion
In this cross-sectional analysis of a stratified random sample of SCCS participants, female sex, African American race, smoking, and high BMI were significantly associated with elevated hsCRP after accounting for a wide range of potential confounding variables, including SES, physical activity, medical conditions related to inflammation and medication use. Of particular interest, however, was the finding that the strength of the association between BMI and elevated hsCRP differed substantially by both race and sex. BMI was more strongly associated with high-risk CRP in African Americans and women than in their white and male counterparts. The association between BMI and hsCRP was strongest among African American women.
Several previous studies have examined the relation between socio-demographic factors and CRP levels. As in our study, levels of CRP were found to increase minimally with age in the Women's Health Study [5] .
In contrast, data from the National Health and Nutrition Examination Survey showed a significant increase in CRP levels with older age [6] . Studies conducted in the US, in general, have indicated that women have higher CRP levels than men [6] [7] [8] . For example, the Multiethnic Study of Atherosclerosis found higher CRP levels in women than men across four ethnic groups, and the gender differences persisted after accounting for potential confounding variables [7] . However, the opposite pattern was reported in a study from Japan [9] , and fewer gender differences were reported in studies of European populations [10] . Although not entirely consistent, CRP levels have generally been found to be higher in African Americans than in whites [8, 11] . A recent review of population-based studies addressing SES and inflammatory markers concluded that SES was inversely and independently associated with CRP levels [12] .
Investigations of lifestyle correlates of CRP have shown a consistent positive relation between cigarette smoking and CRP levels [13, 14] . While several studies have reported an independent inverse association between physical activity and CRP levels [15] [16] [17] , others have found no association after adjustment for BMI and other confounders [18, 19] . A limited number of studies have related higher intakes of fruits and vegetables and moderate alcohol consumption to lower CRP levels [20, Included all variables listed in the table plus total cholesterol, HDL-C, and LDL-C, history of hypertension, diabetes, coronary heart disease, stroke or transient ischemic attack, cancer, arthritis, asthma, or chronic bronchitis/emphysema, use of aspirin within the past year, current use of statins, and family history of premature coronary heart disease. 21 ]. Notably, BMI was among the most consistently identified correlates of CRP [15, 19, 22] .
Thus, the results of our study, which was specifically powered to detect differences in CRP by race, sex, smoking and BMI, are generally in agreement with the results of previous studies, but extend previous findings by demonstrating striking race and sex differences in the strength of the association between BMI and CRP. The particularly strong association observed among African American women may have significant impli- Table 3 except for the variables used for stratification; † Multivariable model 2: Additionally adjusted for total cholesterol, HDL-C, and LDL-C, history of hypertension, diabetes, coronary heart disease, stroke or transient ischemic attack, cancer, arthritis, asthma, or chronic bronchitis/emphysema, use of aspirin within the past year, current use of statins, and family history of premature coronary heart disease.
cations given the high prevalence rate of obesity in this group [4, 23] and the crucial role of inflammation in the development of CVD [2] .
Adipose tissue has been recognized as an important source of inflammatory cytokines [24] . It contributes approximately 30% of circulating interleukin-6, a major cytokine that stimulates the hepatic production of CRP [25] . Recent evidence suggests that the adipocytespecific cytokines leptin and adiponectin may also play a role in modulating CRP levels [26] [27] [28] . With increasing adiposity, production of interleukin-6 and leptin increase, whereas adiponectin production decreases, leading to a state of low-grade systemic inflammation [24] [25] [26] [27] [28] . In addition to the level of adiposity, the distribution of adipose tissue also relates to the secretion of these adipocytokines [29] . Body composition and fat patterning have been shown to differ by sex and race [29] [30] [31] . For a given BMI, women have greater amounts of total body fat than men, and African Americans have less visceral but more muscular adipose tissue compared with whites in general [29] [30] [31] . Together, these observations suggest that variations in both body composition and fat patterning among different sex and race groups could underlie the differential associations between BMI and CRP by sex and race seen in our study. Further investigations with accurate measures of total body fat and different fat deposit patterns are clearly needed to clarify this issue.
It is interesting to note that, in addition to CRP, significant differences by sex and race also exist in levels of leptin and adiponectin [27, 32, 33] . For example, a recent report from the Dallas Heart Study showed that for a given fat "burden" as measured by dual energy Xray scan, women had higher leptin levels and a greater increase in CRP per unit increase in leptin compared with men [27] . In a multiethnic cohort of obese chil-dren and adolescents, a lower adiponectin level and a stronger inverse association between adiponectin and CRP were observed among obese African Americans and Hispanics compared with whites [33] . Such data, although limited, provide support to the notion that fat mass alone may be insufficient to explain the race and sex differences.
A unique feature of our study is that all participants were recruited from CHCs which provide basic health services primarily to low income individuals. The relative homogeneity of the participants with respect to SES and educational backgrounds reduces confounding by SES-associated tangible and intangible factors (such as social and economic stress) in assessing health risks and risk factors; this is particularly important in making comparisons across race and sex. On the other hand, the homogenous SES background of our study participants limited our ability to evaluate the relationships of SES and psychosocial stress with CRP. Another strength of the study is the use of an in-person interview, which is preferable to phone or self-administered surveys, especially for populations with low SES and educational levels.
Our study is limited mainly by its cross-sectional design, a relatively small sample size, a lack of information on body fat distribution, and possible residual confounding from crudely measured or unmeasured covariates. Measurement errors in the assessment of diet and physical activity may have contributed to the lack of associations between these lifestyle variables and CRP. All of these methodological limitations should be considered when interpreting the results. Nevertheless, our study is the largest investigation to date of the correlates of elevated CRP in a socioeconomically disadvantaged population. Our finding of a positive relationship between BMI and CRP that varied substantially among different race and sex groups suggests that differential inflammatory response to obesity by race and sex may contribute to the disparities in morbidity and mortality from CVD and other chronic diseases. Obese African American women are particularly prone to activating a state of chronic low-level inflammation that may further increase their CVD risk. Future investigation of this hypothesis is warranted.
